Background: Previous studies have indicated that chitinase 3-like 1 (CHI3L1) gene rs4950928 polymorphism and acidic mammalian chitinase (AMCase or CHIA) gene rs10494132 polymorphism are associated with the risk of asthma. However, the results are inconsistent because of small sample size and varied ethnicity and age in studies. Therefore, a systematic meta-analysis was important to clarify the effect of CHI3L1 rs4950928 polymorphism and CHIA rs10494132 variant on asthma risk. Methods: An electronic literature search was conducted to identify all the eligible studies. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated and sensitivity analysis as well as publication bias were assessed to investigate the associations. All statistical analyses were performed using STATA 12.0. Results: Eight published articles with 10 case-control studies were included, 5 studies were of CHI3L1 rs4950928 polymorphism and another 5 studies involved CHIA rs10494132 polymorphism. Overall, no significant association was found between CHI3L1 polymorphism and asthma susceptibility. After stratified according to ethnicity, CHI3L1 rs4950928 variant was associated with decreased asthma risk in Caucasians (GG + GC vs. CC: OR = 0.621, 95% CI = 0. 484-0.797, P = 0.000; GC vs. CC: OR = 0.612, 95% CI = 0.470-0.796, P = 0.000; G vs. C: OR = 0.696, 95% CI = 0.567-0. 856, P = 0.001). When stratified population by age, there was no association in children under all genetic models. As for CHIA rs10494132 polymorphism, no evidence of association between CHIA rs10494132 polymorphism and asthma risk was identified. Furthermore, subgroup analysis by ethnicity revealed a positive correlation between CHIA rs10494132 polymorphism and asthma risk among Asians (TT vs. TC + CC: OR = 1.476, 95% CI = 1.071-2.032, P = 0.017; T vs. C: OR = 1.326, 95% CI = 1.024-1.717, P = 0.032). Additionally, in the subgroup analysis conducted according to age, CHIA rs10494132 variant was also found to be associated with the increased risk of asthma in children (TT vs. TC + CC: OR = 1.472, 95% CI = 1.067-2.030, P = 0.019; T vs. C: OR = 1.320, 95% CI = 1.016-1.713, P = 0.037). Conclusions: The G allele of CHI3L1 rs4950928 might be a protective factor against the development of asthma. However, the rs10494132 polymorphism of CHIA might be a risk factor for asthma.
Background
Asthma is a chronic inflammatory respiratory disease that is characterized by airway hyper-reactivity to some environmental stimuli, reversible airway obstruction, and gradually appeared airway structural remodeling [1] . Although the exact etiology of asthma remains uncertain, it has become evident that a combination of genetic predisposition and environmental exposures plays a vital role in pathogenesis of asthma [2] [3] [4] . Recently, with numerous advances in genetic research, many genetic variants regulating the expression of proteins involved in the development of asthma have been found to be related to susceptibility to this disease, including interleukin-17F (IL-17F), toll-like receptor 4 (TLR4), and the genes encoding chitinase 3-like 1 (CHI3L1) and acidic mammalian chitinase (AMCase or CHIA) [5] [6] [7] [8] .
Chitin is an abundant, naturally occurring polysaccharide functioning as a major structural polymer in many lower life forms as well as an important nutritional source for many organisms, which triggers allergies or asthma attacks in people [9] [10] [11] . The chitinase family has three members: two of which are the true chitinases-acidic mammalian chitinase and chitotriosidase (CHIT); the other is the structurally related chitinaselike protein YKL-40 [12] [13] [14] . It has been reported that chitinase and chitinase-like proteins are highly expressed in lungs and serum of asthma patients [12] , which are also found to regulate TH2 immune response and mediate airway inflammation and airway remodeling in mouse asthmatic models [15, 16] . YKL-40 is encoded by the chitinase 3-like 1 gene (CHI3L1), which is 10 exons long and is located on chromosome 1q31-q32 [17] . Genetic studies have demonstrated that the variants of CHI3L1 may contribute to the pathogenesis of asthma [7, 18] . A Genome-wide Association Study (GWAS) has identified that the rs4950928 polymorphism in the CHI3L1 gene is associated with the risk of asthma, circulating YKL-40 level and pulmonary function [18] . The gene for CHIA is present on chromosome 1q13.1-21.3 and contains 12 exons [13] . Recent genetic study has described that several CHIA polymorphisms is related to asthma risk in a German pediatric population [19] .
Although several genetic studies have reported the correlation between CHI3L1 rs4950928 polymorphism or CHIA rs10494132 variant and the risk of asthma [7, 8, 18, 20] , these results were controversial and inconclusive since they are performed in an individual medical center with small sample size and in different ethnicities. Therefore, it is important to perform a meta-analysis of all eligible studies to clarify the effects of CHI3L1 rs4950928 polymorphism and CHIA rs10494132 variant on risk of asthma.
Methods

Literature search strategy
The systematic electronic databases of PubMed, Embase, Web of Science, China National Knowledge Infrastructure (CNKI) and Wanfang Database were comprehensively searched for all the eligible studies published up to May 2017 using the search terms: ("chitinase 3-like 1" or "CHI3L1"), ("single nucleotide polymorphism" or "SNP" or "polymorphism" or "variation" or "mutation") and ("asthma" or "asthmatic") or ("acidic mammalian chitinase" or "CHIA"), ("single nucleotide polymorphism" or "SNP" or "polymorphism" or "variation" or "mutation") and ("asthma" or "asthmatic"). Besides, the reference lists of all selected articles were manually searched for further potentially eligible articles. No restrictions with regard to language, population, publication date, or type of report were imposed; and unpublished data were excluded.
Inclusion and exclusion criteria
All the potential studies were independently selected by two reviewers (Yanting Zhu and Xin Yan) according to the following inclusion and exclusion criteria. Inclusion criteria in this meta-analysis were: (1) studies that were using a case-control design; (2) studies that evaluated the correlation between CHI3L1 rs4950928 polymorphism or CHIA rs10494132 polymorphism and risk of asthma; (3) studies that provided sufficient data on the genotypic and allelic distributions of CHI3L1 rs4950928 polymorphism or CHIA rs10494132 polymorphism for estimating the odds ratios (ORs) and its corresponding 95% confidence intervals (CIs). Exclusion criteria were as follow: (1) studies without the control groups; (2) studies with no available data reported; (3) studies with inappropriate article types (reviews, case reports, letters, or abstracts); (4) studies with duplicated data. For overlapping studies, the largest or most recent publication was selected.
Data extraction
The information of each eligible study was independently extracted by two investigators (Cui Zhai and Lan Yang). The following data were extracted: first author, year of publication, country, ethnicity, age, number of cases and controls, genotyping method and genotype distribution in cases and controls. Discrepancies were resolved by discussion or additional assessment by a third author (Manxiang Li), and consensus was achieved on each item.
Subgroup criteria
Subgroup analyses were performed according to the ethnicity and age. Ethnicity is determined by the descent of all the subjects in each eligible study. For CHI3L1 rs4950928 polymorphism, three studies of European descent from European countries Sweden, Germany and USA, were enrolled and belonged to Caucasian ethnicity. One study of Asian descent came from China, which belonged to Asian ethnicity. Another study of African descent from Mauritius belonged to African ethnicity. As for CHIA rs10494132 polymorphism, three studies of Asian descent, belonged to Asian ethnicity, came from China and were enrolled in this study. Another two studies of European descent came from North India and belonged to Caucasian ethnicity. As depicted in Table 1 , for CHI3L1 rs4950928 polymorphism, three studies with an age of 0-16 years were considered as children group. One study with a range of 18-72 years was adults group. Another study range from 7 to 74 was mixture group. As for CHIA rs10494132 polymorphism, two studies range from 5 to 14 years were considered as children group. Another two studies with a range of 18-49 years were adults group. Asthma and genetic susceptibility are different in 0-4 years compared to early school age and high school students. However, we could not perform subgroup analysis in children group according to different stages (preschool age, early school age and high school age) duo to insufficiency of relevant studies in literature. Gender is also an important factor for the heterogeneity. While, it was impossible to perform subgroup analysis according to gender since original data in the eligible studies were insufficient.
Statistical analysis
This meta-analysis was performed using STATA version 12.0 software (Stata Corporation, College Station, Texas, USA). The Hardy-Weinberg equilibrium (HWE) for the genotype frequencies was evaluated only in controls using Chi-squared test to check whether samples in eligible studies were from a large population in HWE and whether the sample bias existed. Samples in cases may show departure from HWE since the biases existed in case groups, such as age, the ratio of gender and so on. P < 0.05 was considered statistically significant in HWE testing. The between-study heterogeneity was assessed by Chi-square-based Q test and I 2 statistics. The random-effect model was adopted for analysis, if there was statistical heterogeneity (P < 0.10). Otherwise, the fixed-effect model was applied for analysis as the pooling method. The pooled ORs and its corresponding 95%CIs were calculated to evaluate the associations of CHI3L1 rs4950928 polymorphism and CHIA rs10494132 polymorphism with asthma risk under five genetic models: recessive model (CHI3L1 rs4950928: GG vs. GC + CC; CHIA rs10494132: TT vs. TC + CC); dominant model (CHI3L1 rs4950928: GG + GC vs. CC; CHIA rs10494132: TT + TC vs. CC); codominant model (CHI3L1 rs4950928: GC vs. CC; CHIA rs10494132: TC vs. CC); homozygote model (CHI3L1 rs4950928: GG vs. CC; CHIA rs10494132: TT vs. CC); allele model (CHI3L1 rs4950928: G vs. C; rs10494132: T vs. C). Z-test was performed to assess the significance of the pooled ORs, and P < 0.05 considered statistically significant. Publication bias was assessed by Begg's test and Egger's test and P < 0.05 was considered significant publication bias.
Results
Study characteristics
The literature retrieval process was presented in Fig. 1 . In total, 363 articles were identified through the initial search of databases. After a systematical literature search based on the inclusion criteria, 10 case-control studies from 8 published articles containing 1858 cases and 1778 controls were identified for this meta-analysis to investigate the relations of CHI3L1 and CHIA variants with asthma risk [7, 8, 18, [20] [21] [22] [23] [24] . Among the selected studies, 5 studies in 4 eligible publications [7, 18, 20, 21] were conducted for evaluating CHI3L1 rs4950928 polymorphism with a total of 1062 cases and 1034 controls enrolled; 5 studies containing 796 cases and 744 controls were performed for investigating CHIA rs10494132 polymorphism in 4 published articles [8, [22] [23] [24] . The main characteristics of each study were shown in Table 1 . For CHI3L1 rs4950928 polymorphism, 3 studies [7, 18] were carried out among Caucasians, 1 study [21] was conducted in Asians and another one [20] was conducted in African subjects in terms of ethnicity. 3 studies on the CHI3L1 rs4950928 polymorphism were conducted in children [18, 20, 21] . Only 1 study was performed in adults [7] and the rest was performed in mixture [18] . As for CHIA rs10494132 polymorphism, there were 3 studies [22] [23] [24] of Asian ethnicity and 2 studies [8] of Caucasian ethnicity. 3 studies [8, 23, 24] were performed in children and the rest [8, 22] were conducted in adults. Genotype distributions and HWE examination results were exhibited in Table 2 . The genotypes of CHI3L1 rs4950928 polymorphism in the control groups were in agreement with HWE (P > 0.05). As for CHIA rs10494132 polymorphism, HWE deviation existed in control of 1 eligible study [24] .
Meta-analysis and subgroup analysis
The genetic effects of CHI3L1 rs4950928 polymorphism and CHIA rs10494132 variant on asthma risk were presented in Table 3 . For CHI3L1 rs4950928 polymorphism, there was no statistically significant association observed under the When stratified population by age, no statistically significant association was found in children under all genetic models. We could not perform analysis in adults since only one study was included.
As for CHIA rs10494132 polymorphism, results based on all included studies provided no evidence of association between CHIA rs10494132 polymorphism and asthma 
Sensitivity analysis
In order to examine the stability of the pooled ORs, sensitivity analysis was performed by sequentially deleting one study at a time in all of the genetic models. For CHI3L1 rs4950928 and CHIA rs10494132 polymorphisms, the corresponding pooled ORs did not impact in all genetic models, indicating that the results of this meta-analysis were stable.
Publication bias
Publication bias was evaluated by Begg's funnel plot and Egger's regression test. All the shapes of the funnel plots were found to be symmetrical (Fig. 5 ), indicating that there was no significant publication bias for the associations of CHI3L1 rs4950928 polymorphism and CHIA rs10494132 polymorphism in all the genetic models (all P > 0.05) ( Table 4) .
Discussion
In the present study, our results indicated that there was no significant association between CHI3L1 rs4950928 polymorphism and asthma susceptibility in overall analyses. However, following subgroup analysis by ethnicity, there was a protective effect of CHI3L1 rs4950928 polymorphism on asthma risk in Caucasians. The G allele of CHI3L1 rs4950928 might be a protective factor against the development of asthma. As for association between CHIA rs10494132 polymorphism and asthma risk, no evidence was found in the overall population, while a significantly increased risk of The gene CHI3L1, 10 exons long and located on chromosome 1q31-q32, codes for the chitinase-like protein YKL-40, which is a 40 kDa protein produced by cells in the airway mucosa, such as monocytes, macrophages and neutrophils [10, 17, 25] . YKL-40 binds with ubiquitously expressed chitin, but unlike chitinases CHIT1 and CHIA, which lacks measurable enzymatic chitinase activity [10] . Studies have shown that serum YKL-40 level is increased in patients with asthma and correlated with asthma severity, thickness of the subepithelial basement membrane, and pulmonary function, indicating that serum YKL-40 is an inflammatory biomarker associated with disease activity and mortality in asthmatic patients [12, 26] . Further study has shown that YKL-40 regulates TH2 immune response promoting airway inflammation in asthmatic mouse models as well as actives Akt, Erk, and p38 signaling pathway to promote human bronchial smooth muscle cell proliferation and migration, suggesting that YKL-40 is associated with the pathogenesis of asthma [27] . In addition, Genetic studies have demonstrated that the polymorphic variants of CHI3L1 gene contribute to the pathogenesis of asthma through influencing on airway inflammation and airway remodeling in the asthmatic patients [15, 26] . Recently, the relationship between CHI3L1 rs4950928 polymorphism and susceptibility to asthma was increasingly investigated [7, 18, 20, 21] . A Genome-wide Association Study (GWAS) reported by Ober et al. identified that the G allele of CHI3L1 rs4950928 is protective against asthma in three populations of European ancestry with mild asthma [18] . Another study have demonstrated that an association between CHI3L1 rs4950928 polymorphism and asthma is found, although the risk allele was opposite of that reported by Ober [21] . In contrast, additional publications have shown no significant association between genetic variation in the CHI3L1 rs4950928 and asthma risk [7, 20] . To date, the effect of genetic variation in CHI3L1 on asthma risk has not been fully addressed. Therefore, our meta-analysis provided a more statistical estimation demonstrating the relationship between CHI3L1 rs4950928 polymorphism and risk of asthma.
Our meta-analysis synthesized a total of 1062 cases and 1034 controls from 5 eligible studies to analyze the association between CHI3L1 rs4950928 polymorphism and asthma risk. The pooled results indicated no significant association between CHI3L1 rs4950928 polymorphism and asthma susceptibility. After stratified population by ethnicity, analysis indicated that the G allele of CHI3L1 rs4950928 had a reduced risk for asthma in Caucasians. No subgroup analysis was performed in Asians and Africans due to only 1 study included in Asians and Africans. When stratified population by age, the results remained non-significant in children. We could not perform analysis in adults since only one study was included.
The gene for CHIA is present on chromosome 1q13.1-21.3 and produces acid mammalian chitinase, which is a 50 kDa acid-stable protein [13] . Study has observed that serum CHIA level is overexpressed in ovalbumin-induced mouse model of asthma [16] . In addition, inhibition of CHIA expression reduced TH2-dependent airway inflammation, bronchial hyper-reactivity, and eosinophil counts in these asthma mouse model [16] . In humans, the expression of CHIA is strongly upregulated in lungs of asthmatic patients [16] . Furthermore, the CHIA enzyme has been found to be a downstream protein of interleukin-13, a cytokine implicated in the effect of human asthma [16] . Therefore, the CHIA enzyme has been suggested to be a positive mediator involved in the pathogenesis of asthma. Whereas, conflicting findings regarding its physiological role in asthma have reported that CHIA can inhibit chitin-induced allergic innate immune response in a mouse model by inhibiting eosinophil and basophil recruitment to the lungs [28] . Recently, one genetic study has described exonic CHIA polymorphisms are associated with bronchial asthma in a German pediatric population, indicating that exonic CHIA gene may be under the control of regulatory regions [19] . One promoter SNP, rs10494132, has been reported to be associated with pediatric asthma in Chinese population [23] . However, another three studies has demonstrated that no relationship between CHIA rs10494132 variation and risk of asthma is found [8, 22, 24] . Here we have performed meta-analysis to examine its association with asthma risk.
In this meta-analysis, 796 cases and 744 controls in 4 published articles were included. Results suggested that there was no significant relationship between CHIA rs10494132 polymorphism and asthma susceptibility. When population was stratified based on ethnicity, a positive correlation between CHIA rs10494132 polymorphism and asthma risk was found in Asians. No subgroup analysis was performed in Caucasians due to limited studies included. Moreover, in the subgroup analysis conducted according to age, CHIA rs10494132 variant was also found to be associated with the increased risk of asthma in children. We could not perform subgroup analysis in adult group duo to insufficiency of relevant studies included.
There are several limitations in this meta-analysis. Firstly, sample size in this meta-analysis was small, which might result in bias of the results when evaluating the association of CHI3L1 and CHIA gene polymorphisms with susceptibility to asthma. Secondly, the original data in some studies was lacking, which might limit sufficient statistical power to evaluate the potential effects of gene-gene and gene-environment interactions on the development of asthma. Thirdly, significant betweenstudy heterogeneity was found in some pooled analyses. The exact sources of heterogeneity by meta-regression analysis were unable to further identify because of limited relevant data provided. Subgroup analysis was further performed based on ethnicity and age. However, heterogeneity was not resolved, indicating that other potentially relevant factors such as gender, genotyping method, phenotype of the disease may account for the heterogeneity. Fourthly, asthma is a heterogeneous disease with various genotypes and phenotypes. Although a genetic basis for asthma is undeniable, only a small proportion of heritability can be explained by the previously identified genetic polymorphisms associated with asthma because of the variability of the clinical phenotype. At last, only published studies were retrieved in the meta-analysis and possible publication bias might exist, despite no statistically significant publication bias was detected by Begg's test or Egger's test.
Conclusion
In conclusion, the present meta-analysis demonstrates that there was no significant association between CHI3L1 rs4950928 polymorphism and asthma susceptibility in overall analyses. However, following subgroup analysis by ethnicity, there was a protective effect of CHI3L1 rs4950928 polymorphism on asthma risk in Caucasians. The G allele of CHI3L1 rs4950928 might be a protective factor against the development of asthma. As for association between CHIA rs10494132 polymorphism and asthma risk, no evidence was found in the overall population, while a significantly increased risk of asthma was found in Asians as well as in children of all ethnicities.
